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tnz-t }\^ y - :^mi$Li:^i- ^ y - :^Mn h y > >' ^ ^ . -t )^^:^mw^i$Li m-rim^<r> 

^ # ^ « «: H « -r * S |5& i: . 

* ^« t T V - ;^ 9 > * J^JSi- * SB 
Sr■g•^■C^-2.NAND79';' ^^0$iig:&feo 

ffi^jg 1 iciemoN AN D 7 7 y V > ^ «; m^omitij^-c^^x . 

tCfefc<^N AND 7 7 v ^ ^ V iJ v» T > 

triB*jiv-;<.7W'^3>^i' h - i j^^-t i it . frlB^ 1 « F^^iSlg<^— 

m^Jg 1 lCi5m<ON A N D 7 7 y A > ^ V ^^0 3|8ai:;^i£tc^v^T. 

ft*:© 1 {c|5|£<^N A N D 7 7 .y V i > ^ mT-<r) i8it :^ i5 T , 
Mia^iWl«fe''< ^ >iiAXg»4. jiAJ^^^i'^ 1 5 k e V~ 2 5 k e V, K-XlEl 
2~lE14atoms/c m20fEH-CfTV», li^X»4 »; yi^^M^^ :t > -t LXmm 

mi5^*e'gfe»-f ^ >^AISI4, -ISISffifeASri&ff L-CHJfi-t* 
H*:© 6 tc|B©<^N A N D 7 7 V ^ ^ 'J ^^OS4at::&j* is 
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It*]^ 1 CieitON A N D :7 7 y V A ^ ^ 'J ^^OSjg:^^ Hi3 v>T , 

1 0 1 

I 0 0 0 1 1 

i<^|&§gj±, NAND77 5'VJL>*«J ^^OS!l3g*felC# 0 , #tc. ^JS3 > :^ ^ h 

Xeoigicn b*-;i/07^^^ bJfc (aspect ratio) { = n^ : S-«i>$-fr* 
^ (J:*«nrig*NAND7 9 -J * p« * U 3(f ^ <0 SI jt:*rfe tw« -f 4 o 

[ 0 0 0 2 ] 

Ji»f ^ttr ^)MJ«L5rV^o L/c*«oT, 7 7 7 ^ ^^li, ^ * V * - K if C 
<iiffl$iX'i>o 7 7 7 V A > ^ ^^J4. 2 Slilw^fli^ tLSo NANDS! 
7 7 7 V JL > * 'J ■:?»±, N O RM7 7 7 -> Ji. > * 'J ^^-Cab^o 

[ 0 0 0 3 ] 

N A N D 7 7 A> ^ 'J ^?-<Olti§fi, -b i: ^ jailKifei^ tc $ ^ * o -fe 

«Li«»4, «St:*:o;^ h v >ir-i)^hii 0 , h 'J >^^tcji, y-xs«? Y ^ > V 9 . « 
Stop«^'J-t;i/St;'KH' > h 7 > V ;^ :r ti^m.m aie $ i^ -& o y - ^ «^ b 7 > 

^-gJ^Ji, Vf 7 h 7 > <x-&o ^fflUJKJ&iiJJi. ?UO S Y ^ > V 7.9 hnuo 

S b7>v?^^'* lf<Dm5S. Y '7 > 'J 9 i: A,t^ ^ ^ o 
I 0 0 0 4 1 

— N o R 7 7 7 V i j< * y ^^co-tr;Hiiiigc»±. «»:<^^ * 'j -t^u. e h 7 >3t 
tr*Sy-^ 9>f:^Sr■g•^•c^:-5*«. eyh^-f >i*iiy->^ 7 > <fc o K — 00 

[ 0 0 0 5 ] 

Lfzib^-DX. N A N D 7 7 7 -> JL j< * <± , N O R 7 7 .y V i ^ * V Jt-< T 

t^^ifl $ tt^cjf #s-M*aji- 7 b 7 ^s.y'^s y 7 > i:mLrmti.:hm.m 

iM^-tio J:oT, N AN D 7 7 7 vaL;< * U S^<^)-t;H|g£«-*iJjp$4i-«./cii)<0|?^> 
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v^H if , yyy -> ^ > ^ 'j T ^' -fe :^ 1^ H *«il< ^r-&/c*-e*)^o ife^WtC. 

[ 0 0 0 6 ] 

0»fffiia-C* -So la 1 b J±> iS&*0^^tTiC#«. N A N D 7 7 V* ^ ^ 'J # ^- Si it ^ * 

o 

1 0 0 0 7 1 

Bl 1 aXtTEl b«-#JS1-4i:> -N^^-f*:^* 1 1 0^5£<^^i* trSv» tc5p^T;5:^jgiro3g 
^^SIM 1 2 S-Jg^ LT, fg^^IlgJ^®5e(define)i-*o ^^^fSm 1 2 Ji. LOCOS 
(local oxidation of si 1 icon)ieX«i h > ^^^fffilg r fl^^-f * o Si£^i^ 

h 'J > ^ ^: ^ # h > {± V - m.^ V'7>V:^ifSST. 1gSc<o p< ^ »; -fe 

;i/MCl> MC na.y' K h 5 > v^:^ ^ D S T A'it^Jtraje? i^r3^J£$ 

n-So SiSiaKifelSJl^ POMOS h7>v*^^i:NM0S h9>v*;^^'«r ifO^a b 9 

[ 0 0 0 8 ] 

-fb^WliMWWg (CMP) Xig-c^Fffl'fbU^c^, ^iiy-;^. v-f vffl-^^^' «rfflv^^cjc 
7^>^^X5e-C» 1 €M)%i^m 1 5RlfJ^ y'J->iri?±mi 4 i:J^y^>irLX. -tuwy 

1 3 sjsLvm^^mm i 2 :6«sm$ttfc*iiv-;^ 7 >=i>^ ir y^-)^^^ 

BKU. *iiv-^7i'>3>^'^'h* - -'i'**^* $ n * i d K - t'jK 'J -> >; 3 > € (^ 

9 tc K- y** 'J V 3 >^ 4-^® y ^ > LT*S V-:^ 7 W > C S L «r?gj^oi-*o ^ 

0 J; 9 :feIgSr— ig-fc;!/ V-;^5K'; ^7 i5^(cell source poly plug)XS t ^-f * o 
[ 0 0 0 9 ] 

*iiy-j^ 7 'f>'CSL^:•§•^y^:»l UMi^ii^ig i 5 ±izm2mmmmm i 8 l 

, K^^>n>'^'^hffl-7X^'«rfflv>/cai-y^ > ^'XgT^ 2 ^ Ki^ii^M 1 8 , ^ 1 ^ffl 
i^iitig 1 5 SC/^i ^>i^i^±!^ 1 4 iJ^y^>irLX. -fe^wKU-f 1 3 D-irix^ 

tiii^Utii L ti-b Ay V \y ^ :y ^ > if if bsfs- * •fe;i'Kl^^>3>3'^'h*-/i'*« 

i 9 K- T^'i^V V 3 >^ ^3^^ L/cm. H 2 ® Mi^ii^m 1 8 *«Sm $ 
J: ^ tc K - 7 >; V 'J 3 > ^ Sr ^® •y^>irLT-t;l'K^'f>3>'^'^' h^^^^DCP 
Sr^fiS;1-'6 o w O i 9 ^:Xg4r— -fe V > --K 'J T' 7 (cell drain poly plug)Xg 

[0010] 

•tju > =1 > if i' ^7'7^^DCP^r-&^7^f^2^ Nlgii^M l 8 Jit:: h l'>^m.'itm 

1 9 b ^-^BS-fblK 2 0 * fll^feJ^jS L^m, ^^^ V > (damascene) XS-C^^-^ i/ 

^>^^Xg=Sr=ff oT, *iiV-;^7'f >C S Ltcmie$<X'5>i^SEj||2 2 S, K 'f > 3 
>:r^h7'7^^DCPlcmie:?n*tr7 h y > 2 2D. ^fflh^Vv^^PTOr-h 
twiiie$tvS^JRieiS2 2 G5.?/^ia h9>S^:^^'PTOV-:^/KU'f ^S-g-SR 1 3 P 
lcSie?*T.<&^JSBeill2 2 P if^gL-tio 
[001 1 ] 

±iEL/cJ: -9 iz^m<ot$.miz xtm. ^iiv-^^^f >c s i sni^i^igi 5 
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m 1 iirai^iSI^ 1 5 (DW^im^^ii ifW.'P^^o Lfzi^^X. ^my-:^y >( >CS L(0 

■r2>'ftfe<i^::6^c/co T;^^^' V itii^±^\'^Wf'k. mm. V y > V 7. 9 ? T <r> Y - V K^f^^ 
flZ>^mW,f^2 2 GSLlfmai Yv>V:^9VT<DV-:^/VV>( 1 3 P tc^ig^ 

^^*^JSBeilt2 2 P 05^^0^^*1)0 3 > h XsgSr^iJjtOT;^ ^rf^^-CllJfei-;?, L*-^r 

46 e h V 'f > 2 2 D «r -fe ;i/ K >^1S 1 3 D \Z^m^ i> tz^n-ziy 9 9 

[00121 

Ly:::6*oT. 0|S?§0 i fi<J«i, Ifk^V - 7. y 4 ^ om.^^ ^.'P ti ii'^ h ^ K > 
n^^r^ h5}^-;POTJ^'^:? hitSr ^^^^ $ -fr S i t "T tg itNAND^vv'VA^^Vm 

I 0 0 1 3 1 

i>W.^(0^ ^ev -bJVRV-tJU ^mi^Lim-t i > h y > 'J :^ 9 i)^W.mzm 

> >ftAXgSr=fTo TtflB*® y -X 7 > 3 > f ;uo/g®ot5riESm L/C 

pgr i: «-#tf o 
[00141 

a Pif «r $ <3 IC# tf CI i: i ^, o 
[00151 

«trlB:^#e!fe'f ^ >?*AX^Ji, TiAJ^^;!^^ 1 5 k e V~ 2 5 k e V, K-Xfi 1 E 1 
2 (=1X10 12)~1E14 (=1X10 14) atoms/c m20®H-e^TV^, t ^ 
X<± U V ?r^*fi!K)-f :^ > LTlSeffli-'5o tffE;!^ii€!|& >iftAXgt±, A Sr ifetf 40 

[|&EH05!|j^l 
[00161 

, -3^99 h^:^9J:mi:mh-r^tit^X^i.tztf>. J:mtDM^^^itRl^^mi^t:loi±■^-t 

[ % ^ ^ H Jil- /c *e> o s fi: o3^S 1 

(00171 50 
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( 0 0 1 8 J 

-5 :^*<^»f®E|-C* 0 > a 2 b v> LEI 6 b 11, i O|&fra<0^ife«^ ic« * N 

AN D 7 7 -> p< * ^^<oi!{it:^i4«-iJi?g-t4 ^ie>»c, *ii v-;^9 

[0019] 

la 2 a 2 b S:#Dg-f ^ ^ , ij^^flt^^ 3 1 ORFf So^j|Str5v> tr^ifr^r^mo^ 

?-^]8ll^3 2 S:?^^ LTfSii^i^ (define) -r -So ^^^IglM 32 l±, LOCOS (1 

ocal oxidation of si 1 icon)XgX »1 b > ^ ^S-fitX^-CJ^jS L , ^^0^*«'fb<^ 

I) , ^ ;^ h 'J > J4 , V - X h 7 > V ;^ ^' S S T , p« * * M C l , 

, MC n5.tf K l^'T >S«? b 9 ^ D S T;d«ffi^JtC^ie$ixT?^j£$n^o mSHmm 

PMOS b9>v^;^^'i:NMOS h7>vX^'^:iro^iah9>i^^^'PT (Per 
i-Transistor)*«?g^? ix-So V - ^ SIR b v > ;^ S S T »4 , -fc ;w V - J^^it 3 3 S 20 

imt. * •fe;HVIC 1 , , MC n l±, -tJi^yf^l^i&mi^ 3 3 C Sr^t L, K V 

> ma b9>y;^^'DST»i. ■t;l'Kl"f>'Si*3 3DS:3tL, ^Sbv>v';^^'PT 
»i, V-X/ K I'W' >«-^a53 3 P =^^1" i <^ i ^ ^rlS*!|&0^'»^3gO±{C y -^^ 
> i5^#jhl^(etch stop filiD)3 4 «:0^L;^cf^, i 5' ^ > jhM 3 4 OJ^lS; $ tt/cfe* 
!K,£7)^^:^itO±JC^ 1 ^Ki^iiim 3 5S-J^^-r4o 
[ 0 0 2 0 ] 

tfffii-^ ^ > i^f^jtm 3 4J1. mil<^X^-CJi^^$ <x-& ^ 1 ^Wj^^m3 5 IC^t LTJ^ 

y ^> vM^it(Diz^\'^mm!^R> m^ii'y 3 >m.itmi i o ~ 5 o nmm.m.<^n^^w- 

P S G (Boron Phosphorous Silicate Glass) x U S G (Undoped Silicate Glass), HDP 30 
(High Density Plasma) «• 400~500n meiK<Ojp$ t^H^ LTJ^^^tt-So 
1 0 0 2 1 1 

EI 3 a SC^m 3 b 4-#BBf •?) i: , ^3 V - X 7 > ffl :^ ^ (S^^-f) ^rfflv^fc^y 

•5^ > ^^xg-c^ 1 Ji m^mm 3 5 s.y'^ ^ > js^^^itm 3 4 i:J-y^>i^L. ^iz^-tju 

y-:^i^i$L3 3 S<7)raoy-x^«SM3 2 0S{U L^a5^«ri-;'^>^^LT, -fe ;i/ V - X 

3 6 «r?g^i-^o ^M!|&-r :f ^i^AX^T^ii V-X V ^nv^'^^ b.-J^-;b3 
O^^^-fti^^S 1 'f >mX^i^ 3 7 ^J^jSi-^o i tttC i *) . *ii V - ^ 7 > 3 > 
i';?^ h^-^i'S 6 (Omma. -tn^y- ^^i$t3 3 S t ^<r>mi$.3 3 S oratrBJS$tt/c'f 
* :^aA^i*3 7 tr J: o-CJi^tto#mi4 9 >tc«r^o 40 
[ 0 0 2 2 ] 

ffiE(::i3v»-c> ^mv - 7 ^ > =1 > ^ h 4^ - 3 6 i'Bl^-t ^fztbiz^ ^ x. -y ^ y 
^^X5g«, ^^»l!im3 2 t ■Ci-;'^>^^L^r»tixff5rP>^:v^;^ci6. S tU L -fe V - >^ 
^i|J3 3 S:6«J^ -;'^>^^tR«Sr«toTm^fi<j2iftt*»^< * iJ ft ^> * ^^0^*6 
l&-f :t >aAXS^tC^i^ie!|&'f ttTm^fi<J#1i**ecll$ ttio ■< * >ftAX 

jg»4, i^AJ-^^l'^l 5keV->-25keV, K-XlEl 2->-lE14a tom/cm 

o ^^^1811^3 2:!)m^^*tfzi^mit^m^3 1 <DmmU^iZ>( :i->&.XmiH3 7*«^«F»C 
f^^^ixi> X r> iz-t ^fctbiz, :ir >&XXmmzm^&X(tilt implantation) Srifeff 
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[ 0 0 2 3 ] 

t^tlBfe*-r-5. ZtTbmt Lv^*«. -t;uv-:^®i^3 3 S y ^ > ^^««*«® L < * ^ 
-5-*t*<**B^tc«i. LT^^^«im3 2 «r^^Kg^* L^: < -C ^ i v^o do^ 

-g-, *ji V --^^ 7 ■{ >a> ^ ^ h*-;i'3 6 olS®l±, •b;i'y-;^^i^ 3 3 S i: i <o^m. 
3 3 S oran?^lS$*x^'< >mxmiit3 7 =5r "9 , B^L^S-g-i O »4S^W 

y-:^mit3 3 SS.i/^mi^iO^' ^aAllit 3 7 W Jcffismig $ n * . § 
v^|^#{± ^: v»o 10 
[0 0 2 4 ] 

^ffi«ril:^M«i^WW^CMPis-c¥fi'fk Lfcm^T■7 ^(D§tmx 

tizX *) mm^ix^i)^. ^mv - :^ y 4 > ^l^Wu-t ittztboy^m^ y ^> ifJLm.(D^\zm 
1 m 3 5 ^^-^(Dm $ /i tt Sfe* $ ir-C ig* 65 ^® *«¥a<fc $tt4/c*J)t?*-5o 

[ 0 0 2 5 ] 

m 4 a XU'IH 4 b ?r#M1--S t , *ii V 7 -f>3>i'^ h*-;U3 6 *«3te«$tt4 
J: 9 1 ^ Ki^iftM 35±i; 400-500 n mSigO^? tcSmitl&K, » i L < J4 

ixfc^i^y v'J 3 > (iUT. T K - T-^-K >J y ^ > j ) S- L /c^, ^® y ^ 20 

^riy $ /i»t. »t L < J4 V h 7 > vX ^' S S T<^±^®Oi f- > ^<?ihl^ 3 4 

i^gffi $n*i-C, J:.y^>>>^^^fc)T. y - 7.^ >( > :3 > ^ b.-^-;l/3 6F*3tC K 

- -/jKU -> «; 3 yiP^m,^titz^my - -f > C S L SrJ^Jffi-r ^ O i -? ^Xg«- — 
ife -b ;i/ V - ;^ sK »; y^^^Ccell source poly plug)X€ ^-f -5 o 
[ 0 0 2 6 ] 

^IBicisv^-C, c:<o|&?§o^ay 7 'f > C S L STj^lSi-ixeu. ^IJiKiteigiM 
3 5 «rS:;«clS01?$tc|5fe*-r*^ie>, BE^O^ii V - ;^ 9 'f > ^-J^jKi" *XS i: Jt^l" 4 
l^ic, -^n/ittJSS^*'® < ^roTm^XigOT>^^i5' h ifc M ^ 1" ^ ^ ;5^-C # -6 i: v> ^ SflJ 
.^tJ4*-&;6*. 5 b tr^-r J: -3 t^x -fe V - 3 3 S $ T T 1 J *«eE#0 30 

fl?go*iiy - X 7 > C S L (4, ^^iS-fiil^ 3 2 3&«l^*$ ixf>:g|S:9-K K - U v U = 
>*'5E:©$nT-^OgB:S-<75)l$ FT 2 J tPitmmm< ^J: ^ . ^*tfittX?^r < , f^^^SIl^ 
3 2 ;5*ife*$ti7tgi5^045^S^ii:^«3 1 tc $ tt;t: :t >;ftA®i*3 7 ^--g-trfc*. 
ix/i»tS^W«aoffir5F3pJ-CJ4«:v»o i-Jfcfc*,. V - ;^ v > C S L 

1 ^Miteii^l^3 50?af$«:®<-r^>i i:56*-C§ ^btztb^ ^^iKXigO T >^ ^ ^ hit 
S- Mil? $ -a- <5 d i: § <5 o 
[0 0 2 7] 

0 5 SilSLXfm 5 b Sr#M-r* t , *av->^ 7 'f^CSL^Sr-g-A./i^l ^r5i^ii^M3 5 
±JC|| 2 SMi^iiiMS 8 L/wm> 'fk^fi?»^*£W©f0CMPX5g^:if:C^®«:¥ffl'fb 40 

-r-So ^2®Kiteii^M3 8±tC h U y ^ 3. y ^ ^ itm3 9 5.yf h U>^i^ig^M4 0 
m^fej^^ L/ct^, ^^^i/ >Xje^^^'v-> - >41Sx 42D, A \ ? ISiXf 4 I G i 

mmz^^-ri>o 

[ 0 0 2 8] 

MiatwiJV^Tx lg 2 SM^giSK 3 8 K-ft^^^SEO B P S (Boron Phosphorous Si lie 
ate Glass), U S G (Undoped Si 1 icate Glass), HDP (High Density Plasma) * 4 0 0 
~ 5 0 0 n mmSL(r>m^ ^ZM^ LXJ^^-fio h U > ^ j:. y ^ > i5^#jtM 3 9 t4 , ^ilO 

jimxMm^ir,^ h iy>^mmm4 o iznLXJ.y^>irm^tt<Diz^y'^mm!&m. f^oA 
{fvv zi>m.itmi 10-50 nmgapoijv»jp-$tcsg2jgi«i»sjg3 z }L\zmmLxM 

fiS:1--5o h U 4 0 «±, gS'ffcJgj^iK<??B P S (Boron Phosphorous Silicate ^las SO 
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s), U S G (Undoped Silicate Glass) ^ H D P (Hi«h Densi ty Plasma) S: 2 5 0 ~ 3 5 0 
[ 0 0 2 9 ] 

^my - y ^ > =^ > Y mf^-^ 'yy ^"^9 - > A i y u ^ y a > ir vmi^ 

-^'yyj^^ - > 4 1 D, h 7 > 9 <r>V-7./ Y U ^ > zj > ^ hmr-7iy>/^if 

-> 4 1 PRZrmm h 9 >V7. 9 <r>¥- Yuy 9 9 Y m iT-^ y 9 - > 4 1 G^lx^lx 

->41S, 41D. A I PRXr A \ G^tl^lXO^y 9 9 Y^-}^^^(r>T 7.^9 Y)t 

< o r Rrtg-C*-So r7.^9Y Vct'^m. ^ < TS^I-S J: 9 -b;!- K 10 

3D<D::i>99h yi^ - )l^U^<Dm^ . m.^-r^ H7 ^ 9 h Jt*« 1 1 : 1 SSt 
?S 4!) , '£«-r -b J^ K l/"f > V r 7 ^^Xg =Sr^ToT3>^'^' V ^ - )ly <7)Pi^l,Z^ )U V ]y 
^ >a>9 9 Y -/"^ irirt-ff^^Lfc^. My h^^ > SrSUfieoX^-CJ^JSI- 
•p c: <D^m<7)m^. T :k^9 V Jt**8 .5:1 JK ^ CI h Tb^-O ^ ^fztb. -fe 

;PKWi'>3>^^' Y:fy ^^XS^r > ^ h - ;KDgl5^l-^JII *a«)3itf ^ t 

-So 

[ 0 0 3 0 ] 

9 9 h ^7 i^xm^j: i^ii^mm^it?>m'ni<D:^mi:MmLx. n and 7 9 y ^ * v 5g 20 

[ 0 0 3 1 ] 

m 6 a RVm 6 h 'Sr^m-t & t ^ Vr i/ > 9 - > 4 1 S . 4 ID. 4 1PS.y'4 1G 

*«a*t)ji* ^^-s «t 9 Jw:^fli«ii±tc^;g=sriiif L/cm. b u>^mmm4 0 <0±gB^®*« 
sm-r-5*-e^Bi!/f->^^xg*tfv», *3iv-;^7>f s nzmi^^tn^mmiisi 

4 2S, -t;VKV'<'>®i^3 3DfC^;fe;&tt-2.tr-;'h7W>4 2D. ^af^Vv'-^^P 

^-^SJ 3 3 P JCjiig^ ixi^JgEiH 4 2 P ir-irit'^tim^'t i>o 30 
[ 0 0 3 2 1 

[Biist^iism^^^] 

[ 0 0 3 3 ] 

[la 1 a ] «£*0*t^&lC#*N AN D "7 7 y v * > ^ >; ISag:^!** 5?-^ -S * O 

mi h] iJ&5tlO«#C#-5 N A N D 7 V V > ^ V ^ ^ O iil it :^ j£ S tc 

[02 a] C: OHWOllife^JC'S* N AND 7 9 ^' '>i;< * 'J ^^Oi8jt:frj*«:ii^1-.?, 40 

fzKxDmwmx^i, o 

[m 2 b 1 ^0^?§<^|liS«RIJC#-S N AN D 7 7 ^ ^ 'J ?g i=- <0 it :^ Sr Itt 5^ -f -5 

[033] i<O|&g§O|life0!ltl«-&NAND77 y > * 'J *i=^OS8ig:frtt*g£M-^-* 

7tii)£0»fMEI"C*)-5o 

[0 3 b 1 z<7)mm<r>nMifnz9ki>n a n d 7 v y -> p< ^ ^^<oiajg:&i£Srij£eB-r -5 

/cfttr. ^iiV-J^^'f >i!i'l^gL^tti-<^^i$HziQ^X9JmLfzmmm'C^io 

[114 a] z(D^m<ommmiz^ i> u AUDy 7 v'y*^*';^^oiitis:^rj**siw-r* 
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